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(a) Schematic of the external fixator, noting the location of the hinge (black arrow) and the holes into which would be placed: the bicortical pins (green arrows); the set screws (blue arrows) that hold the biocortical pins in place; the locking screws (white arrows) that keep the hinge locked; and the screws (red arrows) that attach the fixator to the motor-driven linkage system. (b) Representative, post-surgical x-ray showing the femoral osteotomy, four bicortical pins and external fixator. (b) Representative x-ray showing the closed, stabilized fracture, with intramedullary pin
S.2 Specimen Preparation and Image Capture for Strain Measurement
The surrounding muscle and peripheral soft tissue were cleaned off the calluses from the pseudarthrosis model at the time of harvest, and prior to freezing. Care was taken not to disturb the callus itself. Once the callus was frozen, a dental tool with a circular blade was used to expose the mid-sagittal plane of the osteotomy gap ( Figure S2a ). The external fixator and pins were left in place. Extreme care was taken to avoid damaging this cross-sectional surface, and to remove the medial half of the callus in one piece such that it could be processed for histological analysis. Removing the tissue in one piece allowed the histological analysis to be performed on the same specimens that underwent measurement of the strain microenvironment. Due the necessity of removing the portion in one piece, and the size of the blade required to do so, the inner distal pin was cut. However, this provided a landmark used to aid in orienting the histology images with respect to the strain fields ( Figure S2b ). (Figure S1b-e) . Immediately before applying the black enamel paint with the airbrush, the exposed tissue was gently dabbed with gauze to remove PBS from the surface of the tissue. With the use of the airbrush, the enamel was applied as tiny specks, and these specks dried almost instantly. This then allowed the use of a plant mist-er to keep the specimen hydrated with the PBS. As the bending motion was applied, a series of digital images (0.0118 mm/pixel) was taken at ~0.17 Hz, using a digital camera (Model #PL-A622, PixeLINK, Ottawa, ON) attached to a boom-mounted, stereo-zoom microscope (Model #SMZ800, Nikon Inc., Mellville, NY).
S.3 Accuracy of Measurements of Displacement and Strain
The accuracy of the SMLE technique for the images acquired in this study was determined by calculating the displacements for an image translated artificially in both the horizontal (U) and vertical (V) directions by 1, 3, 5, 10, 20, and 30 pixels. The specimen whose image chosen for this analysis was representative of the worst applied speckling, in that the spots were large and ran together, and some small portions of the tissue lacked speckling, so the accuracy measurements here reflect the worst-case scenario. Initial guesses for these calculations were exactly equal to the simulated displacements (0), as well as ±5 and ±10 pixels. The mean bias error (MBE) was calculated as (S1) where d app is the applied displacement and d smle is the calculated displacement. The maximum percent mean bias error in displacement was found to be 1.36% ( Figure S3 ) for the translated images.
Figure S3
Mean Bias Error for displacements calculated in both the U and V directions. Image was translated (T) artificially in both the U and V directions by 1, 3, 5, 10, 20, and 30 pixels, and run using same SMLE methodology as the experimental calculations. For the displacement determinations, the initial guesses for the SMLE calculations were exactly equal to the simulated displacements (0), as well as ±5 and ±10 pixels
The accuracy of the SMLE technique for determining strains was also tested using the same image not only translated artificially in both the horizontal (U) and vertical (V) directions by 1, 3, 5, 10, 20, and 30 pixels, but also rotated about the center of the image by 0.1°, 0.25°, 0.75°, 1.5°, 2.5°, 3.5° and 4.5°, or deformed in shear by 0.005, 0.0125 and 0.025 radians. The error in the strains (SE) calculated using the SMLE technique for the images was calculated as (S2) where S applied is the applied strain and S smle is the calculated strain. The maximum error in strain was found to be 0.54% ( Figure S4 ). 
S.4 Sampling of Strain Fields and Corresponding Histology Slides
To carry out the comparison of strains induced by the applied bending motion on the mid-sagittal plane of the pseudarthrosis model callus and the corresponding spatial distribution of tissues that form on this plane, the strain distributions were first sampled by overlaying a grid of 4200 points (60 x 70) over the callus within a designated region of interest (ROI). The ROI was constructed by first marking the distal and proximal ends of the cortical bone at the gap, defining the distal and proximal boundaries of the gap and the gap centerline ( Figure S5a) . The distal and proximal boundaries of the ROI were then drawn parallel to the distal and proximal gap boundaries at a distance d from the distal and proximal gap boundaries, defined as ̅
where ̅ is the mean gap width of all specimens. This divided the ROI into distal, gap and proximal regions. The gap region consisted of 16 columns of nodes (grid points) and the distal and proximal regions each consisted of 27 columns of nodes. The anterior and posterior boundaries of the ROI were defined as the anterior and posterior boundaries of the in-plane callus tissue. Because the volume of the callus increased over the time course of the study, and a fixed number of points were required in order to perform the across-timepoint comparisons, the ROI was divided into regions using the periosteal surface of the anterior and posterior cortices. This divided the ROI into anterior, central and posterior regions ( Figure S5a ). The anterior region was assigned 9 rows of nodes, while the posterior region was assigned 19 rows, because the callus growth over time occurred predominantly on the posterior side. However, the number of rows in each region was chosen so that the percentage of total grid points occupied by each tissue type was consistent with the percentage of the total area occupied by each tissue type (as measured by histomorphometry) at all PODs. Defining the ROI in this manner, with a fixed number of nodes in each region, ensured good agreement of the node distributions for comparing the strains and histology, and allowed for the comparisons across timepoints. Figure S5 The boundaries of the ROI used to create the grid points used to perform the correlations between strains and tissue type were marked by hand and are defined in (a) for the strain images. The same definitions were used to mark the ROI boundaries in the corresponding histological images (b) and the final histological ROI with the 4200 grid points is shown in (c)
The mid-sagittal histological sections ROI boundaries were defined in the same manner ( Figure  S5b, c) , with the exception that a correction factor was determined to account for the shrinkage of the soft tissues of the callus during histological processing. This was defined as the ratio of the gap width over the length of the anterior distal cortical segment, as during histological processing the bone tissue experiences little shrinkage compared to those of the surrounding soft tissues. The mode of tissue type at each of the 4200 grid points was determined for all the specimens each timepoint to create a composite image of the typical distribution of tissues at each timepoint ( Figure S6 ). To provide a visualization of the variation in the strain field magnitudes across the specimens within a group, the standard deviation of the POD7 strains sampled at each of the 4200 grid points has been plotted in Figure S7 for each of the five strain types. These standard deviations correspond to the average strains plotted in Figure 2b -f. Figure S7 (a) The locations of the 4200 grid points used to sample the histology images are shown superimposed on a labeled, grayscale histological section. (b-f) Standard deviation of the strain field for each of the five types of strain (E max , E oct , E min , E dil,max , E dil,min ) at POD 7: the standard deviation was computed at each grid point, using the strains measured at that grid point in the 11 POD7 specimens. In the plots, the color of the square marker at each grid point corresponds to the magnitude of the standard deviation at that grid point. Figure S8 (a, c) Tissue distribution histograms depicting relative frequency for each tissue type, using the strains measured at POD 7 and the histology data at POD 14. (b, d) Corresponding nonlinear logistic regression graphs indicating the probability of encountering a given type of tissue at a given value of strain. Data are presented as the mean of all specimens and the error bars/shaded regions indicate ± 1 standard deviation. The strain at which the peak in relative frequency and probability for each tissue type have been indicated with corresponding arrows.
S.5 Additional Relative Frequency and Logistic Regression Plots for E dil, max and E dil, min

